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A multi-rate, multi-head positioner (150) receives 
and processes unpanelized positioning 
commands to actuate slow stages (56, 58) and 
multiple fast stages (154) that are mounted on 
one of the slow stages to simultaneously position 
multiple tools (156) relative to target locations 
(162) on multiple associated workpieces (152). 
Each of the fast stages is coupled to a fast stage 
signal processor (172) that provides corrected 
position data to each fast stage positioner to 
compensate for fast stage nonlinearities and 
workpiece placement, offset, rotation, and 
dimensional variations among the multiple 
workpieces. When cutting blind via holes in 
etched circuit boards (ECBs), improved 
throughput and process yield are achieved by 
making half of the tools ultraviolet ("UV") lasers, 
which readily cut conductor and dielectric layers, 
and making the other half of the tools are infrared 
("IR") lasers, which readily cut only dielectric 
layers. The UV lasers are controlled to cut an 
upper conductor layer and a portion of an 
underlying dielectric layer, and the IR lasers are 
controlled to cut the remaining dielectric layer 
without cutting through or damaging a second 
underlying conductor layer. The throughput is 
increased by cutting conductor layers in 
unprocessed ECBs while concurrently cutting 
dielectric layers in ECBs that have already had 
their conductor layer cut. The process yield is 
increased by performing a workpiece calibration 
prior to each cutting step to account for any ECB 
placement, offset, rotation, and dimensional 
variations. 
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IS "d y " ) „ T)ls$mm ( "d v" ) fc.fctfT^USBtlHI ("dt") tit&lZft 
tfrTSo Ctl^fctf). U-ft-ABO^i^^dx, dy, dv, fccfctfd 

&^Tmw?ztt&izmmt&.ffi\z®.^x-mg:$Si5 4t$&tf&m&5 ea^is 

5 8(7)1!) ^IC U— 9*7 6<Z)jgl)|zP8Hb-r£ h U tf&SgglZj: oTMfC^f 
5. CftfiU. S. P.No.5,453,594lzfEm$^fc1995^9^26B^T "J&£fbf— 

cwmm^mm^mizvtix d * , d y , dv, d t^^4t§ 0 

"gen move" $fjg#¥IH£llfT-r SliUl^ jR^iniS ( 

a ma x) „ ft*iiJg (vma x) % g/hB^ (tm i n) (DT&IJRgM^JUHbf 

5^©fii*fcjS/\- K-7X7 l±i£i£) Ic^oTffl+^ftfc^Elitt 

tfi&m$& 5 6^1^58 <Dffij&{I(£ 
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+ vma x titzl*- vmax ICllJ^-T 3ft»ifc#>$£ilJt £2g£-T 
£*l3o ££fcU<fc. B3 BlC^f cfcdlC, K i fc«fctf3(D*«&<#£;h, 

3 h 2 1* o) «k5&2-b^x>h»»^A<SlfT$*L-5. -flSlz^m 

g e n_mo v eit&OBAS I Cg|glB5&IZ^«!l LTLN<g» £ «t 4, IC&^lilig- 
liCttBAS I CSI5SB&£«fc£tifzai#?-5 0 
PROCEDURE gen_move ( g &., h &.) : 

REMARK "g" fe^tf "h" teT-**-XfrZ#ilhLtziii.Wi%k&bt$&Zfi 

xi= px (g&.) ! initial x position ! urn 
y ■ = p y ( g &.) ! initial y position 
xvi=vx (g&.) ! initial x velocity ! um/sec 
y v i = v y ( g &.) .'initial y velocity 
xf = px (h&.) ! final x position 
yf=py (h&.) ! final y position 
xvf = vx (H&.+ 1) ! final x velocity 
y v f = v y (h &.+ 1 ) ! final y velocity 

remark tijmts&xfmmmmmisiz (vmaxi:^$*ifc) 
*w*m<D»*^bi=»-j<xfc«fcr;Y»»f=»r*«* mxm 

. d x = f — x i 

d y = f — y j 

xvmax = dx /trnin— (xv i + x v f) /2 
IF x vma x> vmax 
x vma x = v m a x 
EN D I F 

IFxvmax< — vmax 
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x vma x = — v m a x 
EN D I F 

REMARK d t 1 = d t 3tTZt. d t 1 fc^tfd t 3= t m i nV3b*l 

y vma x = d y /trn in — (xv i + x v f) / 2 
IF yvmax>vmax 
y vma x = v m a x 
E N D I F 

IF yvmax<— vmax 
y vma x =— vma x 
E N D I F 

REMARK h 1 3£t+|£. 3 -fe <? * > h^CCD^S^iiS^: 

£H tT-T -5 &X*<& -5 * <D t f * o 
k p o2= (PI/2) /a ma x 

dt1 = M A X (trn i n, A B S ( (xvmax-xv i ) *kpo2) , A B S ( (yvmax-yv i ) *kpo2) ) 
dt3 = M A X (trn i n. A B S ( (xvf-xvmax) *kpo2) , A B S ( (yvf-yvmax) *kpo2) ) 
REMARK xJJJ:^y| (xdt 2t$&Zfiy d t 2) (DM^lzMLX d t 2 

o x d t 2fcJ;tf y d t 2lC«fco-C±«u BP*>. -3tO)aft-C»ttf «A 

IFxvmax>0 

xdt 2 = (dx - ( (xv i -Fvmax) *dt 1 / 2 ) - (xvf + vmax) *xdt 3 / 2 ) ) /vmax 
ELSE 

xdt 2 = (dx - ( (xv i -I- vmax) *dt 1 / 2 ) - (xvf + vmax) *xdt 3 / 2 ) ) /vmax 
EN D I F 

IF yvmax>0 

ydt 2 = (dy- ( (yv i -J-vmax) *dt 1 / 2 ) - (yvf +vmax) *xdt 3 / 2 ) ) /vmax 


(18) 


f#S¥ 11-510 


ELSE 

ydt 2 = (dy- ( (yv i + vmax) *dt 1 / 2 ) - (yvf + vmax) *xdt 3 / 2 ) ) /vmax 
END I F _ 

IF x d t 2>0fcJ;UC y d t 2>0 

REMARK > hlZ^LT d p, dv$Itm„ 

IF xdt2 > ydt2 !X axis Primary 
dxl =(xvi+xvmax)+dtl/2 
xdvl =xvmax-xvi 

x dJ2 = i ( 0 XVi " XVmaX) * dtl/2) + «" x Y In «-xvf)*dt3/2) +dx 

dx3 =(xvmax +xvf)*dt3/2 

xdv3=xvf-xvmax 

ydQ=xdi2 

Jcb= I/(2*ydt2 +dt3 +dtl) 

dyl==((yvi-yvf)*((dtl*dt3)/24-(dy+yvi*ydt2)*dtl)*kb 

dy2 =(2*dy-dtl *yvi-dt2*yvf)*ydt2*kb 
ydv2=0 

dy3 =((yvf-y vi)*((dt3 *dtl)/2 +(dy +ydt2*yvf)*dt3)*kb 

ydv3=((yvi + yvf)*dtl-2*dy+2*(dt3+ydt2)*yvf)* kb 
^-^^ !Y primary axis 

dyl =(yvi+yvmax)*dtl/2 
ydvl =yvmax-xvi 

%l2~0 Vi ~ yymZX)mdtm) + <(-y vn ^-yvf)*dt3/2) +dy 

dy3 =(yvmax+yvf)*dt3/2 
ydv3 =yvf-yvmax 
Xdt2=ydt2 

kb = I/(2*xdr2 +dt3 +dtl) 

dxl=(Cxvi-xvO*((dtl*dG)/2+(dx+xyi*xdt2)*d t l)^b 

^-l£r!?T dt3 + 2 ^ 2 ^i*(xdt2 + dtl))*kb 

dx2 - (2*dx-dtl *xvi-dt3*xvf)*xdt2*kb 

xdv2=0 

dx3 = ^((xvf-xvi) *((dt3 *dtl)/2+(dx -f-xdt2*xvf)*dt3)*kb 
^v3-((xv. + xvOMtI-2*dx + 2 W 4.xdG)*xvf)4 
ELSE .'two segment movement 


REMARK d t xfccfctfd t y £ftjf LT-rz^y > h 1 £tf3 IcSTT -5 d 
t £;*#)3 0 

twomovetime (xvi, xvf, xi, xf, xdt) 

twomovetime ( y v i , yvf, yi, y f, ydt) 
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REMARK 2t^>h»»l:«Ltd t 1 = d t 3 = d t xffdid t y 

dt1=MAX (xdt, yd t) 
d t 3 = d t 1 

REMARK -tz^V > h 1 fcJztfSIZ** LTd pfccfctfd v ^^"r^ 0 

2 > 

xdt2=0 
ydt2=0 
dx2=b 
dy2=0 
xdv2=0 
ydv2=0 
ENDIF 

RETURN 

REMARK gen__move<D**7 
PROCEDURE 2 -fe TV > |> ^ 

dxl =dx/2+xvi+dtl/4-xvf+dtl/4 
xdvl =dx/dtl-3+xvi/2-xvf/2 

dyl =dy/2+yvi*dtl/4-yvf*dtl/4 
ydvl =dy/dtl-3*yvi/2-yvf/2 

dx3 =dx/2-xvi*dt3/4+xvf>dG/4 
xdv3 =-dx/dt3 +xvi/2 +3*xvf/2 
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dy 3 = dy/2-y vi*dt3/4 + y vf*dt3/4 
yd v3 - -dy/dt3 +y vi/2 + 3 *yvf/2 

RETURN 

PROCEDURE 2 y H£§Hvi,vf,ip,fp,VAR dt) 
LOCAL kl,k2,k3 
dt=tmin 
kl=3*vi+vf 
kls=kl*2 

k2 = ( 32/PI)*amax*(fp-ip) 
k3 =PI/(8*aroax) 
IFkls+k2>0 

dt=MAX(dt T k3 *(-kl +SQR(kls-k2)» 
ENDIF 
IFkls-k2>0 

dt=MAX(dt,k3 *(kl +SQR(kls-k2))) 
ENDIF 
kl=vi+3*vf 
kls=kl*2 
IF kls+k2>0 

dt=MAX(dt t k3*(-kl -f SQR(kls +k2))) 
ENDIF 
IF kls-k2>0 

dt=MAX(dt,k3*(kl +SQR(kls-k2))) 
ENDIF 

RETURN 

*5tfH2£#HBU fi^jllgl7 0\Z&-DXm±Ltzd x. dy. d v 
£tf d t tiZftZWlzitLmz? Q 7 t << =z> - 7 2(Cck tJMSLT, ^-^K— 
oT^%$tifcJ; ai^. ifi>IIS:5 4 3fttflzigjil5:5 efc^tfs 8 £=&S!!-r<§)[Ci& 

tKDitmL. d (DiEW^jliit^^fc fillip- ^5gli^U/\V ^-^zi-f ;ud£ 
{&B;*#>i*lT:-fo3o h;u^Jft'Hi(5lS 2 50H Z> ip*> % 
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